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© Power factor correction circuit 

© A power factor correction circuit employs a met- 
al oxide varistor (24) in series with a filter capacitor 
(C1). The varistor (24) provides a low-impedance 
path for pre-charging the filter capacitor (C1). thus 
enabling the avoidance of high inrush current to 



circuit devices, while the filter capacitor (C1) en- 
ergizes the circuit when the capacitor voltage ex- 
ceeds the AC source (10) voltage. The circuit is 
insensitive to normal line transients. One application 
is for use in a gas discharge lamp (14) ballast 
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The present invention relates generally to pow- 
er circuits for obtaining a high power factor elec- 
tronically. By way of example, this invention relates 
to a power factor correction circuit for use in an 
electronic ballast for gas discharge lamps which 
pre-charges the energy-storage or filter capacitor 
before the circuit oscillates, thereby avoiding de- 
structive inrush current through circuit devices. 

The power factor of a system is defined as real 
input power divided by apparent input power. Ap- 
parent power is calculated by multiplying root 
mean square (RMS) voltage and RMS current. 
Therefore, a system with a lower power factor 
requires larger input currents for a given real power 
than a system with a higher power factor. 

Electronic circuits, such as gas discharge lamp 
ballasts, generally operate from DC voltages. 
Hence, a means for converting AC line voltage to 
DC line voltage is required. A conventional way to 
obtain a DC voltage from an alternating voltage 
source is through rectification and capacitive filter- 
ing. However, in a circuit used to accomplish this 
result, the power factor, which depends upon the 
value of the filter capacitor and the size of the load, 
is often too low. Therefore, the input current neces- 
sary to support input power is very high and can 
exceed the ratings of conductors and circuit break- 
ers. 

Reducing the filter capacitor value improves 
the power factor, but increases the ripple on the 
output voltage. This is undesirable because gas 
discharge lamp ballasts have a further requirement 
that the ripple on the output voltage not exceed a 
certain value. This ripple specification, known as 
the crest factor, is obtained by dividing the peak 
output voltage by the RMS output voltage. The 
crest factor is required to be less than 1.6 for 
fluorescent lamps, for example, because a higher 
crest factor is known to adversely affect the operat- 
ing life of the lamp. As a result, the requirements of 
higher power factor and lower crest factor are in 
conflict. 

The lighting industry has long recognized the 
advantages of high power factor circuits, and thus a 
power factor greater than 0.9 has become a de 
facto requirement of ballasts for gas discharge 
lamps. Conventional, or electromagnetic, ballasts 
for gas discharge lamps include bulky low-frequen- 
cy transformers and inductors and large power 
factor correction capacitors. The inductors and 
transformers are necessary to limit the current in 
the lamps once they are ignited. This is due to the 
negative impedance characteristic of gas discharge 
lamps; that is, once the arc of a discharge lamp 
has been ignited, the current through the discharge 
medium increases, while the voltage drop between 
the lamp electrodes decreases. Therefore, an elec- 
tromagnetic ballast acts as an inductive load, and a 



large power factor correction capacitor is used to 
increase the power factor. 

In contrast to conventional electromagnetic bal- 
lasts, the load presented by electronic ballasts to 

5 the AC line is capacitive. This is due, in part, to the 
above-described filter capacitors. In addition, small- 
er transformers and inductors are used because 
electronic ballasts operate at higher frequencies, 
i.e. 20-50 kHz. Thus, a power factor correction 

70 circuit is needed to correct for a capacitive load at 
high frequency operation. 

A preferred embodiment of a power factor cor- 
rection circuit for obtaining a high power factor 
electronically according to the present invention 

15 comprises a metal oxide varistor in series with a 
filter or energy-storage capacitor. The varistor pro- 
vides a low-impedance path for pre-charging the 
capacitor to a pre-selected fixed voltage level be- 
fore the circuit oscillates. Once the capacitor is pre- 

20 charged, the varistor becomes an essentially non- 
conductive path, except when transients occur. A 
power factor correction transformer maintains the 
charge across the capacitor. Thereafter, when the 
AC source voltage goes below the rectified line 

25 voltage, a coasting device means becomes con- 
ductive to enable the capacitor to discharge current 
to a load. During the time for which the capacitor is 
being charged by the power factor correction trans- 
former, the load is energized by a fully rectified 

30 line voltage. 

Advantageously, by pre-charging the filter ca- 
pacitor according to the present invention, devices 
in the circuit are not required to withstand high 
inrush currents. In addition, the varistor provides 

35 transient protection by effectively placing the ca- 
pacitor across the line to absorb high voltage tran- 
sients. 

A further advantage results from the fact that 
the presence of the varistor decreases the voltage 

40 level across the filter capacitor. The reason is that 
the varistor can maintain a voltage drop up to the 
value of its breakdown voltage. Hence, a capacitor 
with a lower voltage rating may be used without 
affecting reliability of the circuit. 

45 A better understanding of the present invention 

will become apparent from the following illustrative 
description of the invention when read with the 
accompanying drawings, in which:- 

Figure 1 is a schematic circuit diagram illus- 

50 trating a conventional rectification and capacitive 
filtering scheme for obtaining a DC signal from an 
alternating voltage source; 

Figure 2 is a schematic circuit diagram illus- 
trating a power factor correction circuit known in 

55 the prior art; 

Figure 3 is a schematic circuit diagram illus- 
trating another power factor correction circuit 
known in the prior art; 



2 



BNSDOCID: <EP 037751 0A2J_> 



3 



EP0 377 510 A2 



4 



Figure 4 is a schematic circuit diagram illus- 
trating still another power factor correction circuit 
known in the prior art; 

Figure 5 is a schematic circuit diagram illus- 
trating yet another power factor correction circuit 
known in the prior art; 

Figure 6 is a schematic circuit diagram of a 
power factor correction circuit constructed in accor- 
dance with the present invention; 

Figure 7 is an alternate embodiment of the 
power factor correction circuit of Figure 6; and 

Figure 8 is an alternate embodiment of the 
present invention employing a half bridge circuit 
configuration. 

An exemplary conventional rectification circuit 
is illustrated in Figure 1 which includes an AC 
source 10 connected across a full-wave diode 
bridge rectifier 12, and a filter capacitor C1 in 
parallel with a load 11 connected to the bridge 
output terminals. In Figure 1 . a DC voltage across 
load 11 is obtained by supplying voltage from AC 
source 10 to full-wave diode bridge rectifier 12 and 
smoothing the DC voltage by operation of filter 
capacitor CI. As hereinbefore explained, the power 
factor of such a circuit is generally too low for 
many applications, such as gas discharge lamp 
ballast circuits. 

A "bucket brigade" approach to power factor 
correction, which is known in the prior art, is illus- 
trated in Figure 2. Like the circuit of Figure 1, this 
circuit includes AC source 10 connected across 
full-wave diode bridge rectifier 12 and filter capaci- 
tor C1. The load in the circuit of Figure 2 com- 
prises a gas discharge lamp 14 and power elec- 
tronics 16. Moreover, dashed lines 18 enclose a 
typical ballast circuit. In such a typical ballast cir- 
cuit, as will be appreciated by those of ordinary 
skill in the art, power electronics 16 may include 
switching devices, control logic, high-frequency in- 
ductors and transformers, capacitors and/or other 
circuitry necessary for the operation of a gas dis- 
charge lamp. Figure 2 also includes a series-con- 
nected capacitor C2 and secondary winding of a 
transformer 20 connected across filter capacitor 
C1 . The primary winding of transformer 20 is coup- 
led to power electronics 16. One end of capacitor 
C2 is driven by an alternating high frequency volt- 
age supplied to transformer 20 by the power elec- 
tronics so that the voltage on the other end of 
capacitor C2 is alternately higher and lower than 
the AC line voltage, V UNE . When the sum of the 
voltages across capacitor C2 and secondary of 
transformer 20 is greater than V UNE , capacitor C2 
discharges to filter capacitor C1 and to gas dis- 
charge lamp 14 via the power electronics. When 
the sum of these voltages is less than Vune, current 
flows from the line to capacitor C2 through diode 
bridge rectifier 12 to the lamp. The result is an 



increased diode bridge conduction angle and, 
therefore, an increased power factor. As used here- 
in, conduction angle is defined as the angle per 
360 degrees for which a diode pair of bridge recti- 

5 fier 12 conducts during a 60 Hz cycle. Disadvanta- 
geous^, however, the input signal from the power 
electronics to the transformer is complex, and high 
frequency filtering (not shown) of this signal is 
required. The result is a complex and costly 

70 scheme for raising power factor. 

Another conventional power factor correction 
method differs from that shown in Figure 1 by 
using one or more external inductors 22 at the 
input to rectifier 12, as shown in Figure 3. Although 

75 power factor is increased, the inductor(s) required 
is bulky and expensive. 

Still another technique for increasing power 
factor has been described by J.S. Spangles in "A 
Power Factor Corrected MOSFET, Multiple Output, 

20 Flyback Switching Supply", Proceedings of the 
10th International PCI. Chicago, Illinois, 1985, pp. 
19-32, which is hereby incorporated by reference. 
This power factor correction method is discussed 
further in reference to a gas discharge lamp ballast 

25 circuit disclosed in DE-A-39 17850.1. This patent 
application is hereby incorporated by reference. 
Figure 4 is an illustration of a power factor correc- 
tion circuit according to DE-A-39 17850.1. In that 
circuit, AC power supply 10 drives a conventional 

30 full-wave diode bridge rectifier 12, the output termi- 
nals of which are connected across series-con- 
nected diode D1 and filter capacitor C1. A power 
factor correction transformer 20 connected in se- 
ries with a diode D2 across capacitor CI and 

35 energized from power electronics 16 charges ca- 
pacitor C1 through diode D2 to half the value of the 
rectified line voltage V LINE . Diode D1 is therefore 
reverse biased as long as the rectified line voltage 
is greater than the voltage across capacitor CI. 

40 When the AC source voltage goes sufficiently be- 
low the rectified line voltage V UN e. charge from 
capacitor C1 through diode D1 supplies gas dis- 
charge lamp 14 via power electronics 16. This 
arrangement effectively increases the conduction 

45 angle of the bridge rectifier to 120 degrees which, 
in turn, raises the power factor of the system to a 
value above 0.9. Advantageously, high inrush cur- 
rent is avoided through circuit devices comprising 
power electronics 16 by the controlled charging 

so and discharging of filter capacitor C1. However, it 
would be desirable to achieve the same results 
without the necessity of including additional power 
control circuitry (not shown) to absorb transients. 
An alternative method for controlling the charge 
55 of a filter capacitor to avoid high inrush current in 
an electronic ballast is by using a bootstrap circuit, 
such as the one illustrated in Figure 5. This circuit 
differs from that of Figure 4 in that it employs a 
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transistor T1 having a collector load resistor R2. 
Capacitor C1 is pre-charged through resistor R2 
and transistor T1. The base of transistor T1 is 
coupled to the line by a bias resistor R1. A Zener 
diode D3 is provided to maintain the base voltage 
of the transistor at some predetermined level above 
ground, thus improving circuit efficiency by turning 
off the transistor and hence the bootstrap circuit 
once the voltage across capacitor C1 exceeds the 
Zener diode breakdown voltage. Once transistor T1 
is off, the capacitor becomes charged by power 
factor correction transformer 20 through diode D2. 
Diode D1 is reverse biased as long as the rectified 
line voltage is greater than the voltage across ca- 
pacitor Cl. When the AC source voltage goes 
below the rectified line voltage, charge from ca- 
pacitor CI through diode D1 supplies gas dis- 
charge lamp 14 via power electronics 16. Thus, like 
the circuit of Figure 4, the conduction angle of 
diode bridge rectifier 12 is effectively increased to 
120 degrees, and the power factor of the system is 
greater than 0.9. Disadvantageous^, however, tran- 
sistc Ti must be able to withstand high inrush 
currents and must likewise have a high breakdown 
voltage 

Figure 6 illustrates one embodiment of the 
power factor correction circuit of the present inven- 
tion For this power circuit configuration, the cir- 
cuitry of Figure 4 is improved by connecting in 
parallel with diode D1 a varistor 24. In the preferred 
umUxiiment. varistor 24 comprises a metal oxide 
vaiistor (MOV) because of the MOV's fast response 
time and ability to withstand high voltage tran- 
sients. More specifically, a metal oxide varistor is a 
two-terminal metal oxide semiconductor device 
having a voltage-dependent, nonlinear resistance. 
When the voltage across the MOV is less than its 
breakdown voltage, the MOV has a high imped- 
ance value. In contrast, when the MOV breakdown 
voltago is exceeded, the MOV becomes a low 
impedance. 

In operation, varistor 24 provides a low-imped- 
ance path for pre-charging capacitor CI. That is, as 
long as the input voltage V LINE from the line is 
greater than the sum of the varistor breakdown 
voltage and the voltage across the filter capacitor, 
diode D1 is reverse biased and varistor 24 provides 
a low-impedance path for pre-charging the capaci- 
tor. Once the capacitor is pre-charged to a pre- 
selected fixed voltage level, the capacitor charge is 
maintained by a power factor correction transform- 
er 20 through diode D2. The power factor correc- 
tion transformer is energized through power elec- 
tronics 16. Thereafter, whenever the instantaneous 
AC source voltage goes sufficiently below the recti- 
fied line voltage V UNE , charge from capacitor C1 
through diode D1 supplies the gas discharge lamp 
via power electronics 16. At all other times, the 



power electronics and the lamp are energized di- 
rectly from the fully rectified voltage V LINE . 

After filter capacitor C1 is initially pre-charged, 
it is no longer charged through varistor 24 unless 
5 voltage V UN e exceeds the sum of the varistor 
breakdown voltage and the capacitor voltage. This 
occurs in the presence of a voltage transient at 
which time the MOV effectively acts as a short 
circuit that connects the capacitor across the line to 

10 absorb the transient, thus protecting devices of the 
circuit from the transients. 

An alternate embodiment of a power factor 
correction circuit in accordance with the present 
invention is illustrated in Figure 7. This embodi- 

75 ment differs from that shown in Figure 6 by em- 
ploying a series combination of a Zener diode 26 
and a resistor R3 in parallel with filter capacitor C1 . 
As shown, the voltage signal at the cathode of the 
Zener diode is used to supply control logic 40 

20 instead of voltage V UWE . This provides an efficient 
means of providing a logic level voltage source to 
control logic 40 because use of the varistor results 
in a decreased voltage level across the capacitor 
than if the varistor were not otherwise being ern- 

25 ployed, thus resulting in a higher efficiency ballast 
circuit for the gas discharge lamp. 

Figure 8 illustrates another alternate embodi- 
ment of the present invention employed in a ballast 
circuit for driving two fluorescent lamps 50a and 

30 50b. Like Figures 4-7, AC power supply 10 drives 
full-wave diode bridge rectifier 12 which is con- 
nected across series-connected diode D1 and filter 
capacitor C1. As described above in reference to 
Figure 6, capacitor C1 is pre-charged through 

35 varistor 24 to a pre-selected fixed voltage level. 
Thereafter, power factor correction transformer 20 
charges capacitor C1 through diode D2 to half the 
value of the rectified line voltage, V UNE . Diode D1 is 
therefore reverse biased as long as the rectified 

40 line voltage is greater than the voltage across C1 . 
When the AC source voltage goes below the recti- 
fied line voltage, charge from capacitor C1 supplies 
the power circuit through diode D1 at a voltage 
level equal to 1/2 V UNE . 

45 In the circuit of Figure 8, control 40 drives 

converting transistors T2 and T3, connected in a 
half bridge configuration, at a start up frequency 
until the lamps ignite and at an operating frequency 
thereafter. Capacitors C3 and C4 are the converter 

so half bridge capacitors for transistors T2 and T3, 
respectively. Control 40 may be implemented by 
any number of circuits well-known in the art for 
controlling half bridge resonant circuits. One possi- 
ble embodiment of control 40 is illustrated in com- 

55 monly assigned U.S. Patent 4,672,528 of Park et 
al.. which is hereby incorporated by reference. Al- 
though the circuit described in that patent is de- 
signed to control a full bridge connection of transis- 
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tors, it may be suitably modified by one skilled in 
the art to control the half bridge circuit of Figure 8. 
Transistors T2 and T3 convert the rectified DC 
voltage (V UNE ) to an AC voltage at a frequency 
determined by control 40. Isolation transformer 42 
enables control 40 to drive both legs of the con- 
verter since transistor T2 is floating with respect to 
the control ground. Primary winding 44 of an isola- 
tion transformer 46 is connected between nodes a 
and b of the DC-to-AC converter. Primary winding 
44 drives secondary windings 48a and 48b in an 
isolated series configuration. Capacitors C9 and 
C10 connected across lamps 50a and 50b, respec- 
tively, are selected to maximize the voltage across 
lamps 50a and 50b, respectively, at the start up 
frequency. 

Preferably, a series combination of a Zener 
diode 26 and a resistor R3 is connected in parallel 
with filter capacitor C1. As discussed above in 
reference to Figure 7, the voltage signal at the 
cathode of Zener diode 26 is the input signal to 
control 40 in order to improve the efficiency of the 
circuit. 

While the preferred embodiments of the 
present invention have been shown and described 
herein, it will be obvious that such embodiments 
are provided by way of example only. Numerous 
variations, changes and substitutions will occur to 
those of skill in the art without departing from the 
invention herein. 

The preferred embodiments of the -invention 
described hereinabove provide a power factor cor- 
rection circuit in which a filter capacitor is pre- 
charged before the circuit oscillates, thus avoiding 
high inrush currents through circuit devices; and/or 
a power factor correction circuit requiring a lower 
filter capacitor voltage level, thus enabling the use 
of a smaller filter capacitor, while achieving a high 
power factor without a significant ripple voltage; 
and/or a power factor correction circuit having tran- 
sient protection capability. 

Claims 

1. A circuit for obtaining a high power factor 
electronically, comprising: 
a filter capacitor; 

capacitor pre-charging means coupled to an al- 
ternating current line voltage for pre-charging said 
filter capacitor to a pre-selected DC voltage level; 
a power factor correction winding coupled to said 
capacitor for maintaining the DC voltage level 
across said capacitor above said pre-selected DC 
voltage level; and 

coasting device means for supplying load current 
from said capacitor to a load alternately with the 
line voltage, said coasting device means being 



conductive when the voltage level across said ca- 
pacitor exceeds the line voltage. 

2. An electronic ballast for a gas discharge 
lamp, comprising: 

5 a filter capacitor; 

rectifying means coupled to said filter capacitor for 
supplying a full wave rectified line voltage to a pair 
of unidirectional voltage supply terminals; 
control circuit means connected to said unidirec- 

70 tional voltage supply terminals for supplying cur- 
rent to negative resistance characteristic gas dis- 
charge lamp; 

inductance means coupled to said control circuit 
means for limiting current into the gas discharge 
is lamp; 

capacitor pre-charging means coupled to the line 
voltage for pre-charging said filter capacitor to a 
pre-selected DC voltage level; 
a power factor correction winding coupled to said 
20 capacitor for maintaining the DC voltage level 
across said capacitor above said pre-selected DC 
voltage level; 

and coasting device means for supplying load cur- 
rent from said capacitor to a load alternately with 
25 the line voltage, said coasting device means being 
conductive when the voltage level across said ca- 
pacitor exceeds the line voltage. 

3. The circuit of Claim 1 or 2, wherein said 
capacitor pre-charging means comprises a varistor 

30 electrically connected in series with said filter ca- 
pacitor. 

4. The circuit of Claim 3, wherein said varistor 
comprises a metal oxide varistor. 

5. The circuit of Claim 1, 2. 3 or 4, wherein 
35 said coasting device means is connected in parallel 

with said varistor. 

6. The circuit of Claim 1, 2, 3, 4 or 5, wherein 
said coasting device means comprises a diode. 

7. The circuit of any preceding claim further 
40 comprising a Zener diode connected in parallel 

with said filter capacitor. 
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© A power factor correction circuit employs a met- 
al oxide varistor (24) in series with a filter capacitor 
(C1). The varistor (24) provides a low-impedance 
path for pre-charging the filter capacitor (C1), thus 
enabling the avoidance of high inrush current to 



circuit devices, while the filter capacitor (C1) en- 
ergizes the circuit when the capacitor voltage ex- 
ceeds the AC source (10) voltage. The circuit is 
insensitive to normal line transients. One application 
is for use in a gas discharge lamp (14) ballast 
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